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© One piece molded composite part and method of manufacture. 

© A hollow fiber reinforced part, especially body 
closures for vehicles, is made by applying preforms 
to a hollow, thfn-walled support which has been 
preshaped to the general configuration of the body 
closure. The support is then depressurized and the 
support/preform subassembly placed into a mold. 
The mold is closed and the support again pressur- 
ized. Then resin (s injected into the mold to impreg- 
nate the fibrous pieces of the preforms. Once the 
resin cures, the mold is opened and the part re- 
moved. 
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ONE PIECE MOLDED COMPOSITE PART AND METHOD OF MANUFACTURE 



CROSS REFERENCE TO RELATED APPUCA- 
"TlONS 



This application is a continuation-in-part ap- 
plication of U.S. Seriaf No. 76B.259, filed August 
22, 1985; U.S. Serial No. 136,187, filed December 
21, 1987 and Serial No. 190,055, filed May 4, 1988. 



BACKGROUND OF THE INVENTION 



1 . Technical Field 

This invention relates to fibar reinforced plastic 
parts and, more particularly, to techniques for for- 
ming hollow lightweight parts with complex shapes. 



2. Discussion 

The present invention is particularly well suited 
for making vehicle body closures such as doors, lift 
gates, deck lids, and hoods. Most typically, auto- 
motive body closures are now fabricated from sep- 
arate outer and inner panels made of metal. These 
panels are joined together with a combination of 
welding, hem flanging, mechanical fastening and 
bonding. The joining operation generally requires 
expensive fixturing to accurately join the inner and 
outer panels in addition to two tool and die sets to 
make the panels themselves. It has been recog- 
nized that some advantages can be obtained by 
making the outer panel from fiber reinforced plas- 
tic. However, there still generally must be another 
joining process to assemble the outer panel to the 
inner panel, trim panel arid separate mirror stalk. 

It is, of course, necessary to maintain a 
smooth, aesthetically pleasing appearance for the 
outer surface of the outer panel. This is generally 
known as the "Class A" surface in the trade. The 
use of welding to join together the various parts 
can damage the Class A surface. Rigid adhesives, 
can also cause problems with "read through" of 
the bond line, if such adhesives are used as alter- 
natives to welding. Unless the inner and outer 
panels are rigidly joined they do not work well 
together in carrying loads thereby resulting in an 
unacceptable structure. 

Still other problems with the typical method of 
manufacturing vehicle body closures is the number 
of panels and parts that must be manufactured. 
Multiple pieces lead to assembly variation, pro- 



ductivity losses and quality-control problems. 

Commonly assigned U.S. patent application 
serial Nos. 768.259, filed August 22. 1985; 136.187, 
filed December 21, 1987; 833,304. filed February 

5 26, 1986 now U.S. Patent No. 4.740,346; and Serial 
No. 190,055, filed May 4, 1988 disclose various 
methods of forming hollow fiber reinforced plastic 
structures. These applications generally disclose, in 
at least one embodiment, the use of an inflatable 

to bladder that can be pressurized to define the hol- 
low interior of the part when resin Is injected into 
the moid. The bladder can be envisioned as a type 
of balloon. It is not self-supporting unless it is 
' pressurized. In accordance with the disclosures in 

75 these patents, fibrous pieces are first laid in one 
surface of the open mold and then the bladder is 
placed on these pieces. Then, the fibrous pieces 
for the top of the part are laid over the bladder. 
The mold is closed and then the bladder is pres- 

20 surized during the resin injection step. While this 
method has provided satisfactory results, it does 
have some drawbacks. For example, problems are 
sometimes encountered because the balloon-like 
bladder did not completely expand as anticipated 

25 when pressurized thereby incompletely defining the 
interior of portions of the part The mold loading 
procedure was somewhat awkward in that most 
operations are performed at the mold site. In addi- 
tion, the fibrous pieces on the top of the bladder 

30 have a tendency to sag downward thereby causing 
some unwanted shifting thereof until the mold Is 
closed and the bladder later pressurized. 



SUMMARY OF THE INVENTION 



In accordance with the teachings of the pre- 
ferred embodiment of the invention, a thin hollow 

40 support Is provided in the general shape of the 
desired part. The support has sufficient rigidity to 
substantially maintain its shape, at least In its un- 
loaded state. Preforms of fibrous pieces are at- 
tached to the support to form a subassembly using, 

45 for example, hot melt adhesive to secure the 
preforms to the support. The subassembly is then 
placed into the mold which is then closed. There- 
after, resin is injected into the mold to impregnate 
the fibrous pieces. After the resin is cured, the part 

60 is removed from the mold and trimmed as neces- 
sary to provide a one-piece hollow part, preferably 
a closure for a vehicle. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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The various advantages of the present inven- 
tion will become apparent to those skilled in the art 
after a study of the following specification and by 
reference to the drawings in which: 

FIG. 1 is a perspective view with parts cut 
away of a part made in accordance with the teach- 
ings of the preferred embodiment of this invention; 

FIG- 2 Is a cross-sectional view taken along 
the lines 2-2 of FIG. 1; 

FIG. 3 is a flow chart illustrating the se- 
quence of steps in the method of the preferred 
embodiment 

FIG. 4 is an exploded perspective view of a 
preform/support subassembly; 

FIG. 5 is a cross-sectional view of the sub- 
assembly in the mold before resin injection and 
pressurizing of the support; 

FIG. 6 is a view similar to FIG. 5 except that 
the resin has been injected and the support repres- 

surized; and 

FIG. 7 is an exploded perspective view of 
the mold and preform/support subassembly. 

DESCRIPTION OF THE PREFERRED EMBODh 
' MENT 



This invention will be described in connection 
with making a one-piece door for an automotive 
vehicle. However, it should be understood that 
while this invention has particular advantage for use 
in making vehicle body closure parts, it has 
broader applicability. 

With that caveat in mind, the reader's attention 
is initially drawn to FIGS. 3 and 4. A thin, hollow 
support 10 is provided with a shape that generally 
corresponds to the shape of the desired part, here 
an automobile door. Support 10 is sufficiently rigid 
to substantially maintain its shape, at least when it 
is not loaded; i.e., carrying external material such 
as the preforms to be described. On the other 
hand, it should be inexpensive to make, lightweight 
and essentially fluid tight In the preferred embodi- 
ment, support 10 .is preferably vacuum formed 
from dual sheets of suitable thermoplastic material 
such as polyethylene, acrylonitrile butadiene sty- 
rene (ABS) or polyvinyl chloride (PVC) sheets ap- 
proximately .010 to .030 inch thick. The support 
could alternatively be thermoformed, blow molded 
or roto-molded. One can envision the support 10 as 
being along the lines of a plastic milk jug in com- 
mon use today. It is sufficiently rigid so that main- 
tains its shape yet it can be deformed slightly if its 
interior is evacuated or when it is loaded with 
preforms of sufficient weight and can expand back 



to its original shape if pressurized. 

The next generally step as illustrated In FIG. 3 
is to lay up glass fiber preforms on the pressurized 
support 10. It may be necessary to provide slight 
s pressure (1/2 to 1 psi) to the support to prevent it 
from collapsing when the preforms are pressed on. 
Accordingly, support 10 is provided with a suitable 
opening 12 that is engageable with a nozzle which 
is in turn connected through a hose or the like to a 
w pressurized air source. As noted, this pressurizing 
step may or may not be necessary depending 
upon the weight of the preforms. Three such 
preforms 14, 16 and 18 are illustrated in FIG. 4. 
The preforms are relatively large and, thus, could 
75 otherwise deform the thin support 10 unless it is 
pressurized. Each preform is formed of one or 
more pieces of fiber mat material which are tem- 
porarily held together in the desired shape by 
suitable adhesives such as a hot melt adhesive or 
20 a contact adhesive. Preform 14 generally defines 
the outer panel for the door whereas preform 16 
generally defines the inner panel for the door. 
Preform 18 defines a mirror stalk for the door. The 
support 10 acts as a guide to the operator in that it 
25 aids in visualizing where the preforms should be 
located since the support 10 is also in the general 
shape of the desired part While the preforms can 
be attached in a variety of ways, one preferable 
method is to first apply spots of hot melt adhesive 
30 to the support 10 and then press the preforms onto 
the support, with the adhesive serving to hold the 
preforms in place. 

Turning now to FIG. 7, the support/preform 
subassembly 20 forms a one-piece unit that can be 
35 made at any convenient location, stored and later 
transported for insertion into the mold 22 when 
desired. Mold 22 contains a lower die 24 having a 
mold cavity 26 in the desired shape of the inner 
pane!. Provision is also made for introducing resin 
40 into the mold 22 when closed, for venting air and 
the resin, and for pressurizing the support 10. As 
illustrated in FIGS. 6 and 7, a source 28 of resin is 
connected to grooves 30 formed in the upper sur- 
face of die 24. Vent grooves 32 are also provided 
45 that communicate with the cavity 26. An orifice 34 
provides room for £ suitable nozzle 36. 

The subassembly 20 is laid in the mold cavity 
26 and the upper die 38 is closed as illustrated in 
FIG. 5. Pressure is not introduced to support 10 
so until the upper die 38 is closed. The thin support, 
being loaded with the somewhat heavy preforms, 
deforms somewhat thereby shrinking about 1-10% 
from, its final position. Alternatively, a negative 
pressure or vacuum can be applied to cause the 
55 support 10 and the preforms thereon to shrink 
slightly. This shrinkage is sufficient to enable the 
mold die 38 to easily close. Die 38, like die 24, 
further Includes a mold cavity 40 in the shape of 
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the desired surface, here, for the outer panel of the 
door. 

Once the mold dies are closed, the nozzle 36 
supplies pressurized air from source 42 into the 
interior of the support 10 via opening 12. There- s 
after, resin from source 28 is injected through 
grooves 30 into the mold to impregnate the fibrous 
preforms 14, 16 and 18. Air and excess resin is 
vented through the vent grooves 32. In this exam- 
ple, the resin is vinyl ester although polyester, 10 
epoxy, urethane, and other resins should prove to 
be acceptable. The thin walled support is pre- 
vented from collapsing during the resin impregna- 
tion step by the counterbalancing air pressure in its 
interior provided by the pressurized source 42. 15 

The mold remains closed until the resin cures 
and the resultant structure becomes rigid. Curing 
can be carried out under heat and pressure or can 
be done at room temperature depending upon the 
resin and its chosen catalyst In this example, the 20 
moid dies are preferably heated to cure the resin 
impregnated in the preforms. 

After the part is removed from the mold, it is 
trimmed as necessary to result in a one-piece 
molded door 44 as illustrated in FIGS. 1 and 2. 25 
Door 44 thus consists of an integrally molded unit 
containing an outer panel 46 integrally connected 
to the inner panel 48. The outer panel 46 includes 
a molded in mirror stalk 50. Intrusion beam, hinges, 
latch and other door hardware are preferably preas- 30 
sembled into a hardware module which can be 
inserted into the hollow cavity 52 through an open- 
ing (not shown) which is either molded in or subse- 
quently cut out after welding. The opening in the 
hollow cavity 52 can be located either at the bot- 35 
torn of the door or in the hinge area. The module is 
designed to seal off this opening. 

The one-piece molded door 44 thus eliminates 
the inefficiencies and costs of commonplace door 
constructions that require fabricating separate inner 40 
and outer panels and joining them together. The 
door 44 can provide an equivalent stiffness as a 
conventional metal door while using a material that 
has approximately 1/10 the modulus of steel. The 
one-piece door 44 also eliminates the number of 45 
pieces required for the door which, in turn, reduces 
assembly variations, increases productivity, re- 
duces inventory and improves quaiity. The mold 
cavities 26 and 38 can be appropriately machined 
to provide the door with the desired surface finish. so 
For example, moid cavity 26 can be textured to 
provide the inner panel with a grained trim surface 
while the mold cavity 40 will typically be smooth to 
provide the outer panel with the usually desired 
Class A surface. The present invention is particu- 55 
larly well suited for making complex, asymmetrical 
parts such as a vehicle door which includes a 
plurality of joints as, for example, where the win- 



dow frame portion 54 of the door joins door cavity 
52. 

Various other advantages will become apparent 
to one skilled in the art after having the benefit of 
studying the specification, drawings and following 
claims. 



Claims 

1. In a method of forming a hollow fiber-re- 
inforced part, the improvement comprising: 
providing a thin-walled support of sufficient rigidity 
to substantially maintain its shape when unloaded; 
attaching a plurality of preforms of fibrous pieces to 
the support to form a subassembly; 

placing the subassembly in a mold; 
closing the mold; 

impregnating the fibrous pieces with resin; 
curing the resin to form a hollow part; 
opening the mold; and 
removing the part from the mold. 

2. The method of Claim 1 which further com- 
prises: 

pressurizing the support while applying the 
preforms thereto; 

depressurizing the support before the mold is 
closed; and 

repressurizing the support prior to impregnating the 
preforms with resin. 

3. The method of Claim 1 wherein the support 
is made by vacuum forming sheets of thermoplas- 
tic material having a thickness of between .010 and 
.030. 

4. The method of Claim wherein the support is 
generally in the form of a vehicle door. 

5. The method of Claim 4 wherein said support 
is in the form of a vehicle door having a mirror 
stalk. 

6. The method of Claim 5 wherein said 
preforms surround the support so that the part 
removed from the mold provides a door with an 
outer panel integrally attached to an inner panel. 

7. The method of Claim 6 which further com- 
prises: 

trimming the part; and 

inserting door hardware into the interior cavity of 
the door between the outer panel and inner panel. 

8. The method of Claim 7 wherein: 

the support is in the general shape of a vehicle 
door including a mirror stock; 
a first preform is applied to the top surface of the 
support to thereby generally define an outer panel 
for the door; 

a second preform is applied to the lower surface of 
the support to generally define an inner panel for 
the door; and 

wherein a third preform is applied to the mirror 
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